Groundwater is naturally protected against pollution through its filter layer which is the soil. However, the development of human activities, including the use of chemicals, gradually reduces the purifying action of this layer. It is therefore essential to develop strategies for a better management of this precious resource. The general objective of this work is to establish the piezometry of the aquifer of the Continental Terminal in the borehole fields of Godomey and Ouedo to improve the delineation of protection perimeters around the boreholes of Ouedo. The study was conducted using three methods that were the FCR method, the infiltration method and the method of Krijgsman and Lobo-Ferreira. The exploitation of the piezometric map enabled to obtain the hydraulic gradient of 0.165%. The radii of immediate protection's perimeters (PPI) range from 55. 
Introduction
Anthropogenic activities today are the main sources of water pollution, both surface and underground. These activities most often involve the dumping of domestic sewage from septic tanks, the dumping of solid wastes into lost wells, and the intensive use of chemical fertilizers and pesticides in agricultural practices.
Groundwater is generally an excellent source of drinking water. The natural filter constituted by the geological materials most often produces a high-quality water, with in particular very low contents of microorganisms and other substances in suspension. The maintenance of this relative advantage, however, requires that measures be taken to sustainably maintain the quality of the source of supply. An essential step in protecting the groundwater captured by a structure is the estimated feeding area of this structure [1] , that part of the territory on which the infiltrating water will end sooner or later at the collection point.
Groundwater constitutes a part of the exploitable water resources to supply the population. To preserve its quality, this resource must not be in contact with any source of nuisances such as pollutants, wastewater resulting from domestic activities and the storage of household waste [2] . It is therefore essential to establish protective perimeters for the collection structure of this groundwater.
Presentation of the Study Area
The township of Abomey-Calavi, located in the southern part of the Republic of Benin and the Atlantic Department, is bounded in the north by the township of Zè, in the south by the Atlantic Ocean, in the east by the townships of Sô-Ava and Cotonou, and in the west by the townships of Tori-Bossito and Ouidah. It covers a surface area of 539 km² representing 0.48% of the national area of Benin [3] . It is mainly the home to two catchment areas, the Godomey and Ouedo catchment areas. Previous work carried out on the plateau of Alladataking into account this municipality made it possible to distinguish over the first 200 meters recognized a superficial horizon and three lower horizons presenting hydraulic interconnections. This means that any pollution of one of the aquifers can affect the others.
Material and Methods

Material and Data
The equipment used to carry out this study consists of the following devices: -A Fischer Darex brand measuring tape 20.013 meters long to measure the curb of the well; -A sound and electric piezometric probe with a total length of 200 meters to measure the water level in each of the large diameter wells.
During this study, we needed the porosity n of the aquifer captured, the thickness b of the saturated layer in each borehole of the catchment area, the operating flow Q of each borehole in the catchment area, the hydrauliccon-Open Journal of Geology ductivity K of the aquifer at each drilling of the catchment area, the annual recharge of the aquifer collected and the hydraulic gradient i of the aquifer collected. Piezometer installation techniques have been designed primarily to estimate the extent of a plume of contamination [5] [6] . However, we have not identified any work to date on an approach of this kind applied to the estimation of the groundwater catchment well supply area.
Methodology
Methods Used to Determine Protection Perimeters -Calculated Fixed Radius Method (CFR)
The radius to be fixed is calculated on the basis of a simple two-dimensional static water balance analysis, assuming the initial horizontal hydraulic load. Assuming a radial flow to a well in a horizontal bedrock aquifer of constant saturated thickness, the cylindrical catch limit is delineated by an isochrones of residence time t .The water balance for period t is:
H: initial saturated thickness of the aquifer. It is also called "b"; R: is the capture radius for the given time t; N: superficial recharge; n: effective porosity of the aquifer; Q: pumping rate; The radius R is expressed as follows: Figure 1 below shows the Water equilibrium of a radial flow for a well in an area delimited by anisochron of residence time (according to [7] ).
When t becomes infinitely large, the radius R represents the complete capture zone (independent of time).
This approach is called the recharge approach.
If the term N t π becomes small because t becomes small or N or both, the equation become:
This approach is called a volumetric approach.
Since the transfer times used for the calculations are not infinite (50 days, 2 years and 5 years), we will then use formula (4) C. Zevounou et al.
where h ∆ is the difference between the hydraulic load of the aquifer and that measured at the roof of the aquitard. Le ratio K/b may be obtain by the interpretation of a pumping test in the aquifer, for example by Walton's technique [8] .
The formula giving the radius of the zone to be protected is:
R: radius of the recharge area of the sheet, radius of the area to be protected 
Method of Krijgsman and Lobo-Ferreira
To determine the protection perimeters, Krijgsman and Lobo-Ferreiraleftan analytic relation found in the US EPA Guide. his relation was developed by
Kreitler and Senger and modified by [9] . It gives the relation between the transfer time t taken by a given substance in the groundwater to reach the borehole after the horizontal course of a distance r. The relation is as follows:
with:
 t x : transfer time (day);  n: porosity of the aquifer;  K: hydraulic conductivity (m/d);  Q: pumping rate (m3/j);  b: aquifer thickness (m);  i: hydraulic gradient;  r x : radius (in meters) delimiting a surface following the isochron of transfer timetx. It is also the distance that the groundwater travels during the time interval t before reaching the borehole.
To calculate such a distance as a function of time, we will have to write r as a function of t, n, K, Q, b and i.
The previous relation has been simplified by [9] . Simplification gives:
The formula above giving t can also be written in the following way :
To determine the radius r, let's write y F r = ⋅ 
This method neglects vertical flow and considers only regional horizontal flow to the catchment structure. PPRs and PPEs take the form of an ellipse characterized by three protective distances [10] : -The protection distance in the upstream part of the structure or upstream radius (r amont ); -The protection distance in the downstream part of the structure or downstream radius (r aval ); -The protective distance perpendicular to the direction of flow (r p ).
To determine different distances considered in the method as a function of time, Krijgsman and Lobo-Ferreira resulted in the following analytical relationships: 
The above amont r , aval r and p r relations will be used to determine the PDP radii by the Krijgsman and Lobo-Ferreira method.
Results
Delimitation of Protection Zones around the Boreholes of Ouedo
Determination of PDP Radii by the CFR Method
The radii of the protection perimeters determined from the calculated fixed radius (CFR) method are presented in Table 1 .
The distances of these radii vary between: Indeed:  Rays obtained for a transfer time of 50 days will be allocated to immediate protection areas;  Rays obtained for a transfer time of 2 years will be allocated to the close protection areas:  Rays obtained for a transfer time of 5 years will be allocated to the remote protection perimeters.
It should be noted that according to the method, no industrial plant is permitted at a distance of less than 500 meters from the catchments.
Determination of PDP Radii by the Infiltration Method
Using the infiltration method, we obtain the values shown in Table 2 .
The rays obtained by this method vary between 827,713 meters and 1308,730 meters. These rays obtained by the method of infiltration are even larger than the rays obtained by method CFR for the remote protection perimeters. In this case thus, the rays obtained will be allocated to the remote protection perimeters.
Determination of PDP Radii by the Krijgsman and Lobo-Ferreira
Method The Krijgsman and Lobo-Ferreira method allowed us to determine the three types of rays: the upstream ray, the downstream ray and the radius perpendicular to the direction of flow at right angles to the borehole. Before determining the radii of the protection perimeters using this method, we first had to determine the hydraulic gradient through the exploitation of the piezometric map which we have carried out and which takes into account the sector d'study.
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The piezometric map of the area covering the study area was obtained using the Arc-GIS 9.3 software on the basis of the GPS data and the various measurements (static level and curb height) carried out in the field. Figure 2 shows the superimposition of wells and isopies (isopiezometric curves) on the background of the study area map showing rivers, water bodies and wetland or marshy areas.
From this map, we determined the hydraulic gradient which is about 0.165%.The radii for t = 50 days of the determined protection perimeters using the Krijgsman and Lobo-Ferreira methods are presented in Table 3 .
The radii for t = 2 years days of the determined protection perimeters using the Krijgsman and Lobo-Ferreira methods are presented in Table 4 .
The radii for t = 5 years days of the determined protection perimeters using the Krijgsman and Lobo-Ferreira methods are presented in Table 5 .
The PDPs being calculated for different transfer times, we will retain that:  PPIs are those whose radii have been calculated for a transfer time of 50 days;  PPRs are those whose radii have been calculated for a transfer time of 2 years;  PPEs are those whose radii have been calculated for a transfer time of 5 years.
Analysis of these tables reveals that: 
Representation of Protection Perimeters
In the present work only the PDPs obtained by the calculated fixed radius method and the infiltration method were represented. These representations were made with the software Arc-GIS 9. . The calculations show that the area of PPE obtained by the infiltration method is close to three times the area of PPE obtained by the CFR method. Figure 3 gives a view of the superposition of the PDPs on the land-use plan of the drilling site of the drilling field of the Ouedo catchment field.
Discussion
The realization of the piezometric map for the determination of the protection perimeters (PDP) allowed us to have more precision on the values of these PDP. Indeed, using this piezometric map, we obtained a hydraulic gradient covering only the sector encompassing the catchment areas of Godomey and Ouedo. The obtained value of this hydraulic gradient, equal to 0.165%, differs widely from 
Conclusion
The determination of the radii of the immediate, close and remote protection areas around the Ouedo field catchments was based on the simultaneous use of calculated computed radius (CFR), infiltration refill and Krijgsman methods, and Lobo-Ferreira. We produced a piezometric map covering the sector encompassing the Ouedo and Godomey fields in order to obtain a more precise value of the hydraulic gradient of this sector. It is this gradient obtained that allowed us to perform our calculations with the method of Krijgsman and Lobo-Ferreira. 
